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%ltt w * and apparatus for fabricating and drying wafers (13), including micro-electronics mechanical systems 

^SStT ^ V™*™* fluid environment. The apparatus utilizes an inverted pressure vessSfl^ 

h^r tt h S , UperalUCal pr °! eS , Sms fluid su PP lv and recov ^ «y»««. with an internal heat exchanger (9) connected to external 

tfT C r Sed ^ 8 m ° Vab,e b8Se (10) - A W3fer Cassette < 14 > -"figured for s^rfng 

multiple wafers (13) is submerged in a first processing fluid within a container (12). which is installed on the base plate O0) for 
insertion onto the pressure vessel (1 1). Vessel (11) inlet (2) and oudet (5) tubes extend vertically downward tomTeSg o! u,e 

of the pressure vessel (1 1) to the inside of the container (12) and nearly to the bottom of the container (12). 
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SUPERCRITICAL FLUID DRYING SYSTEM 

0509/63^^7" rdateS t0 PCnding aPPUCaUOnS US60/155 ^- 9/20/99, and 
US09/632770, filed 8/4/00. 



BACKGROI fND of t HF nWENTIQN 
TECHNICAL FIELD OF TUv TNVFNT1CM 

This invention relates to memods and apparatus for the fabrication of micro-electro- 
mec an 1C a, systems (MEMS), micro-opto-mechanicaJ systems (MOEMS), surface micro 

~ SyStCmS ' *** Waf ~ "ctures; and in particular to methods 

and apparatus for app,yi„ g supercritical flujd ^ ^ ^ ^ 

microstructures. 
BACKGROUND ART 



One method of nurturing micro-elect^echanica. systems (MEMS) based 

d --^acn fi da,S urf aceMi C ro m acW„ g( SSM,„ rSurf ace mi cro m achi„i„ g 
- pnor m deration of a staple SSM sj|ico „ ^ ^ ^ 

la a substrate, such as Silicon, is deposit „ ith a sacrificial materia,, such as g™ 
S-hcoo D,o X ,de or SI0 2 . In Fig. I b, ,he sacrificial materia, is erched ,o open a hole for Ore 
anchor of the m . ,„ Fig . lc , a „ ^ ^ ^ . 
the sacrfictai material . b Hg . ld> ^ ^ ^ . ^ ^ 

T ' ayer ' Cread " 6 "* • steps can be repea,ed to form more 

complex multilevel structures Althnnoh <:;r. ■ 

sirucrures. Although Si0 2 is a common material for a sacrificial layer 

other materials like photoresists may be used in other applications. 
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— tjt: :' it" —" • — * — - - 

Stiction or adhesion occurs when a "iy»| M c~i» * 
10 re„de„„ g lhe oevice flawed . F ' 8 - * ^ * — **• » * snt^te, 



as 



15 F =2jf 



F »> »-£-(cos0, + cos£ 2 ) 



* ? T ttnSi0D ° f ^ *"* A iS ^ -*« « - - ta. shares 

„rr aKtw T e,hods ° f ~* * * (o ^ PU , atiog I* m 

-* of the nnsutg hc,uid by modiiying ^ « 
"to* or elbntaating fc suface « or („) 

25 caoilUrv f„„. • 0d can ""'y minimize lhe 

^ 5 ** ° f - — » «•» with to rinsing liquid 

detennirung the contact angle, can vary In adrliti™, * a- ■ 

■ . 6 ■ an vary • ,n additon, the condition of the rinsine liouid can 
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Working to r , nd iltlprovenlenG , 0 fc controUed re|ease ^ without 

^rfbnua a, Be*e,ey have deve.oped a process for d*„g silic0 „ ^ „ . ^ 
^ _ t . ta it , supercrilical ^ r> ^ surface Knsion ^ _ ^ toefcre 

» fa- casrno. be bui„ up as can be ^ SKn ^ ^ n . _ 

o keep the environ™, funding the ^ in a sttte with r = o during the who,e 
^ng pmcess, tftction never occurs. The 5upercritical mi „ f ^ 
dtox.de due to ta ,„„ critical ^ by , ^ ^ 

^ centtg.de and a cririca, pressure K of ,073 pounds per ^ inch oyer 

B f° re C0 > ■« l» Wlied for dcying, an inretmeoiate process step has to be 
traced based „„ the (acu te ^ lhe rinsing ^ ^ ^ ^ 

, no, m,scib,e wfth CO, After rinsing, when the wafer sti] , „ we , ^ ^ 
has ,„ be repiaced by a materia, ,ha, is miscib,e with CO, This materia, can be methano, or 
1 5 any other matena, that is to 1 00% miscible mihrn 

6le Wl<h C0 * Futthetmore, the wafer has to be kept 
submerged ,n methanol dll i, is safely deposited in the ptooess chamber. 

Using this laboratoty memod, a silicon wafer obtaining a partem of microeiecuonic 
snncture, ^vtng been fabricated in the convenUona, manner, bu, with the added step of 
mp.ac.ng the Hnsing ,i q uid warer by methane,, is imroduced imo , 

n r ion ' submersed in me,ha " o, ' t ° — *■* * >»— — » - 

fiUed wtth methano,. Then me opemtor ,uick,y transfers the wafer imo the vesse, whi,e 
deftly anempting to maintain a ,i quid iayer of memano, on the wafer surface during this 

25 °Z"dT 7™ VKSC| is *" - d a • ta>u8h - fl<,w ° f ^« — ' ««-* " 

mftoduced for about ,5 minute, The methano, is rapid,y absorbed imo the ,i q uid carbon 
dtoxrde ar* canied on, of the pressure vesse,. When the vesse, has been e„,ire, y puIged of 
memano, and is comply ftUed wfth pure H,uid carbon dioxide, heat is apphed unifomuy 
for Severn, minutes, causing «he enrbon dioxide to transition to its supercritica, phase 
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1. is a, Ms point fto, fte benefit of te proces „ ^ ^ no ^ 

- a™, ftis ^ta. ne CQi . to slQw|y venfed to atmospto wj(h 

•en™ kept higher than ft. critical temperatuK during venting , CQj doK ^ 
a Phase uansmon and remains in a sate with surface tension ^ ^ 

We Prior an prKSU re vessel used i„ fte iaboratory satup fa dem01Ktratmg ftis 
process ,s shown in n, 3. As is readi, y apparen, from fte figure, a vessel fta, can be OFrad 

- eross seeuon and when Cosed is subject* ,o eievareri temperatu, and pressure .0 fins 
exren. must te of aMl ^ ^ ^ 

sus.au, fte total pressure applied ft fte labo^ ser up, a chcumfeteatia, pane™ of 8 J 

- -ed ,o secure fte ,o P ,o fte base of fte vesae,, to contai „ me Wgh 

process. 
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The, are several obvious problems wift fte labomtoty set up fta, must be a.dtessed 
- order ft make ftis process sufficient* cosr-euecuve and efficient f„ r u^ in . producdon 
env_ ^ dcvice „ „, sujtab]e for jntegratjon ^ a prodira . on ^ ^ 

mean, for .nsetting ^ removing ^ ^ . ^ ^ ^ ^ 

h<,u,d iayer „ raaiMailKd on fte wafer during fte nanspor, or u^fer pmceas; fte dosing 
mechantsm of fte p^ vessel is raa »„al «, t00 slow; _ ^ ^ ^ 
of fte process a. manually accomplished and ,oo slow for producdon regents. ^ 
dev.ce ,s also lacking fte safeg^ required by ^ ^ ^ ^ 
production requirements. 

During manufaauring, „„ce fte sacrificial layer is remove* if for any reason fte 
wafer hecon.es fty, i, can «* i„ sticllon or ^ of ^ ^ ^ ^ ^ 
Hence fte » of wafer ^ „„ e ^ ^ ^ ^ ^ 

without causing sdcdon is always a pmblem, and us^ly has been dependent „„ operator 
erliciency resulting in low device yields. 
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SUMMARY OF THE INVFNTTfYNT 



The invention, in its simplest form, is an apparatus and method for implementing and 
improving on the prior art methods for the drying of micro-electro-mechanical structures on 
silicon wafers or other substrate material or drying of wafers in general. 

It is therefore an object of the invention to provide a practical and safe production 
mechanism for the CO, supercritical phase drying of wafers, and of micrastructures on 
substrates.. 



It is a further object to provide for emplacement of the wafers or substrates into the 
pressure vessel submerged in a first process fluid or rinsing agent such as methanol, and to 
then directly displace the methanol with a second process fluid also in a liquid state, such as 
liquid carbon dioxide, this being connected within the pressure vessel and without disturbing 
15 the microstructures. 

It is a yet further object to then elevate the second process fluid to supercritical state 
so as to cause the drying of the wafers with the benefits of the supercritical process, then 
reducing the pressure and temperature for recovery of the wafers. 



25 



Still other objects and advantages of the present invention will become readily 
apparent to those skilled in this art from the following detailed description, wherein we 
have shown and described only a preferred embodiment of the invention, simply by way of 
illustration of the best mode contemplated by me on carrying out our invention. 



5 



WO 01/22016 

PCT/US00/25726 



5 



FIG. 1 is a prior art representation of the sequential steos in tho 

:r - s _ Mi „ ned (SSM) :_r h :r:~;r: 

meuioa tor manufacturing MFM^ h»*~A a • 
experiencing stiction in the drying process, 
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FIG. 4 is a diagrammatic cross section view of the nr e WH« u J - 
i c OI me Preferred embodiment aDDaratm nf tk» 

1 5 invention, illustrated with the base pl ate inanftrv . . PP ° f 

vessel. ^ POSltl ° n rdative t0 inver *<* pressure 



HO. 6 is . dWlc cross socio, view of embotoeo, of Figs. 4 and 5 i„ a fully 
dosed p 0 s,do„,w iniH1 e veselandconIaincr « 5, ma fully 

Plate and fc boton, 0{ac ^ *" "W » -* ** base 
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cTbod " ' KP ~ n ° f ^ ^ ^ "* — * of me 

embodiment of Figs. 4, 5 and 6. 
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DESCRIPTION OF THE PREFERRED F.MRODTMFmt 



The invention is susceptible of many variations. Accordingly, the drawings and 
following description of the preferred embodiment are to be regarded as illustrative in 
5 nature, and not as restrictive. 



Referring to Figs. 4, 5 and 6, they show a preferred embodiment of the apparatus of 
the invention in its open, semi-open and closed positions, respectively. The apparatus can be 
operated with base plate (10), stationary, and pressure chamber (1 1), vertically movable- or 
with both base plate and pressure chamber movable; or with pressure chamber (11) held 
stationary and base plate (10) being vertically movable. In this preferred embodiment, we 
describe a stationary pressure chamber and moveable base plate. 
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An advantage of the inverted pressure vessel is the reduction of any particulates 
generated by a removable top and falling into the process environment. An advantage of the 
.averted, stationary vessel and movable base plate is the relative ease of elevating the base 
plate to the vessel, and the absence of flexible connections for supplying and removing 
process materials from the vessel. 

Referring to Fig. 6, it shows base plate (10) and pressure chamber (11) made of 
stainless steel and electro-polished. Base plate (10) and pressure chamber (1 1) are sealed 
using an O-ring seal (16). One or more wafers (13) are placed in a wafer cassette (14) which 
is made of quartz or stainless steel. The wafer cassette is aligned in container (12) using 
cassette alignment fixture (18). The container (12) is placed on the base plate (10) using a 
contamer alignment fixture (17). The container (12) is filled with a precess fluid (15), such 
as methanol or acetone. The choice of such fluid depends on its miscibility with liquid 
carbon dioxide. 



The system contains internal heat exchanger (9) for heating and cooling the process 
30 fluid, for which external connections are provided through heat exchanger inlet (7) and heat 
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exchanger outlet (8) The sv<^m ;^ 

«).~oj^^r)r , " erwei,ube(,, - ves!eih,a, " be 
no) — p— .^Jir; c::rrr rofpre ™ 

10 at pressure gauge (27) The „:«. t P° lntofC °2- The reservoir pressure is read 

gew>. The different components shown on the supply side are * 

reservo r valve low flow (1Q\ m ■ . PP y 316 1112111 

low flow (,9), main reservoir vaJv£ flow 

dtfferent valves connected to the chamber .reth ™«« filter (30). The 

(22), purge line valve p 3 , "^^^^^ ^(21), vessel irUet valve 

i urge line valve (23), container outlet valve Od\ i 

valve (20). recovery in,e, , ine va)ve low j£™ ^ — ^ *- 

» <»>. inolude rapture r f ^rzr " ne " ve wsh "° w 

De-nb ingnowthemethodo , ogyforusing ,„ 
container alignment fixture (17) assuring a* «k • 

indexed to a nre- , • 8 ^ ^ COntainer Md * e ^ers are repeatably 

indexed to a precise location on base plate (10) 

:5 

The drying process is then started bv Dre^ina »h» 
control ™n„i ♦ u P g 6 Start button on m associated 
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iitrr shown) is ^ 10 provide suiubie ~ '° — - *«» — 

\ essel under all process operating pressures. 

lines at" °° ttd ' ^ VKSe ' hK mU ' tiPle ^ mattri " - 
hues penetrate the vesse, wan. Comparing Fig , 4 , 5 , Md 6; noUce ^ ^ 

w I ,s TTr^" ex,endine conuiner inle, ,ubc ( ■» - «— — - 

(4) w h ,C protrade downward , y from ^ roQf Qf ^ ctaber ^ 

tube ,5, a,so prou.dc from , he roo f of the chmber rf 

container (12) when the base plate 00) is raised hm »t* a~ ■ 

,„,. . , P le( ' U),sra ' sed - bu 'cMend,ng outside the conlainer nearly 

to the base plate, outside container (12) 
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Once the chamber of pressure vessel (1 1) is completely sealed, the mam rese^oir 

2'7; O ^ 9 >^^^^e (2 0,, 1 hev KS enme,va,ve (22) ,„ ep ^ ltae 
valve (23), and the vessel outlet valve f25W niWB »i tu 

( ^ } "* °P ened - ^ container inlet valve (2 1 ) and 
tne container outlet valve (?4\ ar* pi nr aj tl 

valve (24) are closed. The recovery Wei valve low flow (3 1 ) and 

recovery mle, valve high flow (34) are both closed. „ is import „ pressuria *. ves se, 
lowly ,„ avo,d turbulence tha, might damage the microstructures on wafers (13, Carbon 
dtox,de ,s introduced into the pressure chamber a, a very slow rate, and the ehamber 
pressure is monitored via readout from the pressure gauges (27), (32) and pressure 
^-rs (33), (36). Since CO, is heavier man air, it slow,y pushes atr out of the 
chamber through purge , ta e (3). This ensures the remove of air from me chamber. Pursing 
tsdoneun,,, the chamber* c^mpteleiy flfled with CO, and al, air has been exhausted. 

700 • ^ (23> " - d ChMb " " » — 

2 ^ b I" PraSUre " aCMeVed ' ^ ~ ^ W> " opened, 

nndfltechambertspressurizedfastertogotoHOOps, Once the desired pressure is 
achteved, which is monitored via chamber pressure transducer (33) as wel! as ehamber 
pressure gauge (32), the dual i„,e, vaive ,20), and vesse, outlet valve (25), are closed The 
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system at this point contains memanol contained in the container and H quid C G 2 
surrounding the container in the chamber. 

The next step is removal of methanol from the system anH t , 
5 liouid m t„a .l- , y m 3116 lts replacement with 

liquid L0 2 . To do this, the container outlet valw?/h a l. 

flow (3J) ar e onenPfl . ' Q4) > "* recov ^ inlet valve low 

p 1 >> 316 opened, whereas vessel outlet val VP o « , 

separator and recovery system Di.ri n „ a- 

======= 

15 Moid earbon dioxide a, ,, 00 psi. A1 ^ -he cbambe, is fliied with 

Nex, „ sing hea , exchange, (9) , , he C0; . fc pre$sure vesw| 
-40 — ce„ tlgrade ,„ ^ Ihe ljquid C0; iMo i( , s «« 
he™oeo„ p ,e (no, shown) „ „ ^ ^ 
2. en^e lnfomiallon back , a sysKm ^ ^ to 

K ~ ° f C °= ' - * ■ ™ ing increase ,„ 

operating pressure for pressure vessel (U\ *u . 

nn At ,. ssmevesse HH), the recovery inlet high flow valve (34) is 

opened to relieve the pressure. 1 J S 



25 



valv ^ SUPerCri,iCal ~ " * «— oude, vaive (24, v Ksel onto 

mode ,o bn g thc vesse, ,o leSS ta 25 degree TWs ■ 

30 ie.d.e^.Ub..^^^ ^ 
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vessei can „„„ be opened, and wafer carrier (,4) can be removed manually or by automatic 
means, leaving the system ready for the next dtying cycle. 

As will be realized, the invention is capable of other arid different embodtments 
.needing configu^ioo, adapted to handling wafers horizontally, as in a verrica.lv stacted 
wafer cassebe. Us several details a. capable of modifications in various obvious aspects 
all without departing from the essence of the invention. 

For example, there may be an apparatus for dtying wafers in a supercritical 
envtronment, consisting of an inverted pressure vessel, a horizontal base plate, a wafer 
cassette configured for supporting a, leas, one wafer for drying, a container sufficiently 
large to submerge the wafer casserte and a. leas, one wafer in a firs, process fluid such as 
methanol, and where the container is also sufficiently small, enough to f„ on ,be base plate 
and wtthin the pressure vessel. The apparatus may include a way for aligning th e wafer 
cassetle within ,he container, such as a simple fixture on the barton, of me container, and a 
way for aligning the container on the base plate, again such as a simple fixture on the base 
plate. The apparatus ntay also have an elevator or screw assembly or other lift and lock 
mechantsm for bringing die pressure vessel and base plate into a closed and sealed 
relationship. 

The apparatus may further include a way for displacing ,he air in the pressure vessel 
wtu, a second process fluid in a gaseons state, such as Carbon Dioxide, and a way to 
elevate the seeond process fluid to a .iquid state, and men displace fte firs, process fluid in 
•he container with fine second process fluid widtou, any intoning conac, of te wafer by 
atr or other subshmces. The apparctus may ftmher include a way f„ r elevating the second 
process fluid to a supercritical state, and then reducing pressure in the pressure vesse, to 
ambten. pressure. There may also be a way for cooling the remaining second process fluid 
to below its supercritical temperature. 
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Another example „f , he apparatus whhin ^ sc(jpe rf ^ ^ 
ventcaUy downwardly exte „ ding vesse , ^ ^ outo ^ wtere ^ 

outsufe ,he comber and n£ar ,he base plate , md , pufg£ ^ ^ ^ ^ 

•he roof of the pressure vessel. There may also be vertically downwardly extending 

container inlet and outlet tub?* whf> r * * l 

tubes, where these tubes termmate inside the container and near 
the bottom of the container. 



'nyc another example, the pres.ureves.elnray include an internal capability for 
heanng and cooling, such as a hea, exchanger connected to external sources of heated and 
cooled flutds, so tha, i, can he operated in a headng or cooling mode. There may also be a 
purge „ne at the top of the pressum vesse. and „ associated purge line valve for venting 
the pressure vessel. And the apparatus may be set up wim associated equipment for 
automatic loading of the pressure vessel with wafers submerged in the ftrs, process fluid. 

As ye, a funher example, there is wnhh, the scope of the immim , ^ fc 
drymg wafers in a supercritical environment consisting of using an appa^us of me 
tnvennon apd aligning a wafer cassette within the container, submerged in a first process 
flutd, aligning the container on the base plate, bringing the pmssure vessel and base plate 
mto a closed and sealed relationship, and displacing the air in the pressure vessel with a 
second process fluid in a gaseous state. The method may include elevating the second 
process fluid ,o a liquid state, displacing the firs, process fluid in the container wim the 
second process fluid in i,s liquid sl ate. The method may then include me steps of elevating 
the second process fluid ,„ a supercritical state so as to dry the wafers, then re duci„g the 
pressure ,„ the pressure vessel ,„ ambient pressure, artd cooling the second process fluid to 
below supercritical temperature. 
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CLAIMS 



Among our claims are the following: 

1 • An apparatus for drying wafers in a supercritical environment, comprising: 
an inverted pressure vessel, 
a horizontal base plate, 

a wafer cassette configured for supporting at least one wafer for drying, 

a container sufficiently large to submerge said wafer cassette and said at least one 
wafer ,n a first process fluid, said container also being sufficiently small to fit on said base 
plate and within said pressure vessel, 

means for aligning said wafer cassette within said container, 

means for aligning said container on said base plate, 

means for bringing said pressure vessel and said base plate into a closed and sealed 
relationship, 

means for displacing the air in said pressure vessel with a second process fluid in a 
gaseous state, 

means for elevating said second process fluid to a liquid state, 
means for displacing said first process fluid in said container with said second 
process fluid in said liquid state, 

means for elevating said second process fluid to a supercritical state, 
means for reducing pressure in said pressure vessel to ambient pressure, and 
means for cooling said second process fluid to below supercritical temperature. 

2. An apparatus for drying wafers according to claim 1, said means for displacing the air in 
sa,d pressure vessel with a second process fluid in a gaseous state comprising vertically 
downwardly extending vessel inlet and outlet tubes, said tubes terminating outside said 
container and near said base plate, and a purge line outlet and associated valve at the roof 
of said pressure vessel. 
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3. An ap„a«us for ^ ^ ^ ^ f _ ^ ^ ^ 

second process fluid ,o a , iquid state comprising means for increasj „ g 
pressure vessel. 

It 7T f T ins wafc accordins t0 c,aim '• said means for -*> «« 
I T m ;° n,ainer wi,h second process fluid fa ^ - <°™ 

ven,ca,,v do—y extending container Me, and outlet tubes , said ^ , « 
said container and near die bottom of said container. 

5. An apparatus for drying wafers according to data ,, said means for elevaring said 
second process fluid * a supencridcal comprising a hea, exchanger within said 
pressure vessel for increasing the .empennure of said second process fluid. 

6. An apparahrs for d„i„g ™fers acceding l0 claim ^ mMns f „ 
sad pressure vessel t „ ambiem pressure comprisil]g , ^ ^ ^ fte ^ 
vessel and an associated purge line valve for ventiog said pressure vessel. 

7. An apparatus for do-ing wafers according ,„ claim 1, said means for cooling said second 
process fluid to below supercritical temperarure comprising switching said hea, exchanger 
to cooling mode. 



8 Aoap^ &rdlyingwafeKaccMdingtoc|aini u iatmm 

rratomauc loading of said pressure vessel wim said wafers submerged in said firs, process 



». An apparatus for drying wafers in a supercritical envirenmen,, comprising: 
a stationary inverted pressure vessel, 
a vertically movable horizontal base plate, 

a wafer cassette configured for supporting at least one wafer for drying, 



m 
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a conuuner sufficient,), large to submerge Jaid ^ ^ ^ ^ ^ ^ 
wafer ma fa, process fluid , said comainer als0 ^ ^ ^ fi( ^ ^ 

plate and within said pressure vessel, 

means for aligning said wafer cassette within said container, 

means for aligning said container on said base plate, 

means for elevating said base plate into a closed and sealed relationship with said 
pressure vessel, 

vertically downwardly extending vessel inlet and outlet tubes within said pressure 
vessel, said tubes terminating outside said container near said base plate, 
means for increasing pressure within said pressure vessel, 
vertically downwardly extending container inlet and outlet tubes within said 
pressure vessel, said tubes terminating in said container and near the bottom of said 
container, 

a heat exchanger within said pressure vessel, and 

a purge line at the top of said pressure ve^\ ^ ™ 

pressure vessel and an associated purge line valve for 

venting said pressure vessel. 



10. An appamus for drying wafers according <o claim 9, taker comprising means for 
aummanc loading of said pressu* vessel win, said wafer, submerged in said firs, process 
fluid. 



11 • A method for drying wafers in a supercritical environment, comprising: 
using an inverted pressure vessel with a horizontal base plate, 
using a wafer cassette configured for supporting at least one wafer for drying 
using a container sufficiently large to submerge said wafer cassette and said at least 

one wafer in a first process fluid, said container also being sufficiently small to fit on said 

base plate and within said pressure vessel, 

aligning said wafer cassette within said container, 
aligning said container on said base plate, 
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banging said prcsstne vessel and said base p,a,ein,„ a Cased and sealed 
relationship, 

^ discing the air in said pressure vesse, with a second process fluid in a gaseous 

elevating said second process fluid to a liquid state, 
displacing said first process fluid in said 
said liquid state, 

elevating said second process fluid to 



container with said second process fluid in 



1 a supercritical state 
reducing pressure in said pressure vessel ,o arobien, pressure and 
coohng said second process fluid ro below supercritical temperate. 

12. A nrerhod for drying wafers according ,„ data 1 1, sa id displacing air in sajd 
pressure vessel wirh a second process fluid in a gaseous srare conrprising 

Riding said second process fluid into said pressure vesse, fluough a venicaflv 
^^^^^^^^^ 

fluid A r, hod r dm ° g waftrs accordi ° 8 ,o c,a,m 1 •* - «- 

flurd ,o a „ qu ,d « co mprising ad mitting ^ ^ ^ 

pressure vessel under a pressure a, leas, equ a, t0 ^ , jquld ^ ^ ^ 

process fluid. 

R A nrerbod for drying wafe accorfing ^ ^ , ^ ^ ^ 

flurd ,„ sard conrarner with said second process fluid in said ,i qu id s*,e comprising 
admrrung additional said second process fluid in said liouid state into said container 
through a vertical downed* extending container i„,e, tube and exbausting said firs, 
-d P-ess fluid fa. said conquer through . ^ ^ ou „ et ^ 
■emunanng inside said comainer and near the bouom of said container 
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10 



15 



£A «W f„, drying wafc according toc]aira , ^ e|eva(ing ^ 
fl ,d o a supercrtf.ca, sfa.e uprising app|yi „ g hMt [o sajd sKond 
a heat exchanger within said pressure vessel. 

1 6. A method for drying wafers according to claim 11 *»iA a ■ 

u«ig io claim 1 1 , said reducing pressure in said 
pressure vessel to ambient nressnrp • 

n„ro, r . t ™ m pns,„g exhausttng said second process fluid ou, a 

purge line al Ihe lop of said Dressnr, k 

Pressure vessel by operator, of an associated valve. 

. 7. A ntefhod for drying wafers according ,„ Cairo I6 . ^ reduci „ g 

pressure vesse, ,o ambient pressure firrfher coroprising keeping d,e fetnperafure of said 

second process fluid above its critical temperature. 

1 S. A method for drying wafers according to Cairo „, snid pressure vesse, including an 
tnferoa, beat exchanger connected to exferoa, hearing and coofing source, said cooling 

said second process fluid to below supercritical tPmw „t, • • 

. supercntlc aI temperature comprising operating said heat 

exchanger ma cooling mode 
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